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Abstract — Ground-based radiometer measurements at 20.6, 3L65, and 
90 0 GHz have been analyzed to provide attenuation statistics, thus extending 
base of previous NAPEX studies. Using data trom colocated 
radiosondes comparisons of measurements and calculations of brightness 
temperature’s are presented. The oxygen 

f!988) and the water vapor absorption models of Liebe ( ' a . , , r .• 

97fi are used in the study. Data from July 1987 at San Nicolas Island. Cali- 
fornia andTom December 1987, August 1988, and November >988 at Den- 
ver Colorado are included in the study. Joint-attenuation statistics at 20.6 and 
31 65 GHz are presented for two locations of the Colorado Research Networ 
(Denver and Platteville) for December 1987 and August 1988. 

1. Introduction 

In the work reported in the Proceedings of NAPEX XII (Davarian, 1988), Westwater et 
nei radiometer. S.ahs.ics were presented lor San ; 

vTJJ, April <989. We also presen, 

radiometers ^deri’v^fohu-sta^on a.ienua.ion sta.is.ics for Denver and PladeviHe. 

2. Clear Air Tliermal Emission: A Comparison of Theory and Experiments 

A „ discussed bv Westwater et al. (1988), the NOAA steerable-beam radiometer is 

.*'» «ns-g*,rax c£SPWSiiSM&«« 
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used to provide meteorological data do not measure cloud liquid, we restricted our com 
pari son set for this section to clear sky conditions. restricted our com- 

During 1987 and 1988, ground-based zenith-viewing observations of atmospheric 
hermal emission were made at the frequencies of 20.6, 31.65, and 90.0 GHz At the 
locations of the experiments, San Nicolas Island, California, and Denver, Colorado 
rawinsonde observations of temperature and humidity were also available Two types of 
la win sonde observations were available: standard soundings taken by the NmfonSl 
Weather Service and those from a relatively new rawinsonde package the Cross-chain 
tmosphenc Sounding System (CLASS). The meteorologfcal data were then 
used vyith radiative transfer computer programs that calculated brightness temperature 
and total attenuation. The resulting brightness temperatures could then be directly com- 
pared with measurements. Absorption algorithms of Liebe (1989), Waters ( 1976) and 
Rosenkranz (1988) were used in the comparison study. Composite results comparing the 
ory and measurements are shown in Figs. 1-3. Someihat surprisingly, at 2^6^ 31 65 

rhnn’rSt ^ • V f y jj ld model ot Waters is in better agreement with the measurements 
han hat of Liebe; however, at 90.0 GHz, the model of Liebe is clearly superior We 
intend to continue this analysis as more data become available. P 

3. Single-station Attenuation Statistics 

The methods used in deriving attenuation from emission, as well as our procedures for 
editing of data, were described by Westwater et al. (1988). We continued 
Colorado, analysis by deriving statistics at 20.6, 31.65, and 90.0 GHz for the month of 
August 1988; these results are shown in Fig. 4. Primarily because of the influence of 
liquid beanng cumulus clouds, much higher attenuations were encountered than during 

December in Denver, or July in San Nicolas Island. The analysis of the new Wallops 
Island data is given by Snider et al. ( 1 989) . vvauops 


4. Joint-station Attenuation Statistics 

As described by Westwater and Snider (1987), the Wave Propagation Laboratory oner- 

ririn a wt S ^ 4 , rCh 1 etWOf t of dual-frequency radiometers in the front range of eastern Colo- 
o. We chose to analyze joint-station attenuation statistics (at 20.6 and 31 65 GHz) for 

and ab ° U ' 4 ° Km apa "' T "'° mon,hs Were ch ° s ' n 

As was discussed previously, all data represent 2-min averages. Since the clocks at 

a^onr'th S, .^f n0t s >' nchromzecl ’ we first ran the time series through a time matching 
algonthm. data were paired such that the maximum time difference associated with a n-iir 

SfijS- 2?- *■““ we . re *S V ? 1 [ or each s,a,ion ’ bolh individuaMy and Joiml P for 

the paired data. Thus, data for which there were gaps at at least one station were not 

A hhnlfoh * ?hf» 1C Sfat f!- S ' P ° tS P f the indivil, ual attenuation statistics are in Figs. 5 and 6 
Although the cumulative distributions are somewhat different, both the means and the 
standard deviations are statistically indistinguishable. C me 

We also developed joint statistics in the following manner: let (r D ) i and (nO; be the ith 
data pair for Denver and Platteville. For the ith pair, we calculated the corresponding 

t! v e *d ! s tr ib u tfo n* f m rrTt h ‘ m P> ^ and T UT' "2. ^ T£w ? T/>d ‘ Then we computed the cumula- 
Zl E ° f T the . f . ,me se r ,e . s of both the minimum and maximum of the two-sta- 
tion. distributions. These joint statistics, for 20.6 and 31.65 GHz, are shown in Figs 7 and 

fs achfewd a?31 h 65 A Gfl St Stat,St,CS ’ a difference in maximum to minimum of about 6 dB 
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5. Plans 


Jsiegsis^SSS^SSSSS& 

reasonable set of space and time diversity statistics. 

We plan to extend the diversity analysis of existing dual-channel radiometer data of 
Denver and Platteville to cover a time period of at least 2 years. 

sestmsmmsmm 

ments would be summer 1990. 
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CALCULATED (WATERS) BRIGHTNESS (K) 



Figure 3. Comparison of measured and calculated brightness temperatures at 90.0 GHz. 
See Figure 1 caption for details. 
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4 Cumulative distribution of zenith attenuation measured by a 3-channel radiome- 
Denver, Colorado, August 1988. Data consisted of 17,792 2-min averages. 
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Figure 5. Cumulative distribution of zenith attenuation measured at 20 6 and 31 65 GHz 
1 0 780° 2 - mi n^a ve rage s . & C ° ,0rad °’ D "* mber 1987 Data COnsisted « ^cheJ paiSof 



Figure 6. Cumulative distribution of zenith attenuation measured at 20.6 and 31 65 GHz 
9175Tmina d ver^ges V ‘ C ’ C ° ° rad °’ August 1988 ’ Data insisted of matched pairs of 
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Figure 7. Joint cumulative distribution of minimum and maximum zenith attenuation at 
20.6 and 31.65 GHz for Denver and Platteville, Colorado, December 1987. Distributions 
were derived from 10780 matched pairs of 2-min averages. 
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Figure 8. Joint cumulative distribution of minimum and maximum zenith attenuation at 
20.6 and 31.65 GHz for Denver and Platteville, Colorado, August 1988. Distributions 
were derived from 9175 matched pairs of 2-min averages. 
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